A rare outbreak of anaerobic nitrite burn in fermented sausage afforded the isolation and characterization of the offending microorgansim which was identified as a Staphylococcus sp. Unlike most staphylococci, this organism reduces nitrite as well as nitrate.
Most manufacturers of fermented sausage use nitrite in the cure to effect the production of the cured meat pigment. In relatively rare instances, some fermented sausage makers still rely on a microbial reduction of nitrate to nitrite for color development. This sole reliance on microbes can lead to a color defect wherein a green discoloration is observed (2) . The defect results from excessive nitrite accumulation and subsequent oxidation of the cured meat pigment to a distinct green color.
Usually, the defect is observed on the surface of the sausage where micrococci are associated with the nitrate reduction (aerobic nitrite burn). In extremely rare instances, anaerobic nitrite bum occurs wherein the entire sausage or a central area (in cross-section) evidences the green discoloration. The organism associated with the anaerobic defect has not been described.
We had the opportunity to investigate a commercial outbreak of anaerobic nitrite burn, and isolated and characterized a Staphylococcus sp. as the organism responsible for the defect. The investigation of the defect and the characterization and comparison of the isolate with known strains form the foundation for this communication.
MATERIALS AND METHODS Source of strains. Staphylococcus sp. strain N9A was a culture isolated from a fermented sausage product in this outbreak of nitrite bum. S. hyicus (7) and other Staphylococcus strains were acquired from departmental stocks. All strains were maintained by daily transfer in brain heart infusion broth (Difco).
Media and techniques. The laboratory-formulated sausage mixture described previously (3) was employed where indicated. In experiments concerned with the evolution of carbon dioxide from broth media, the basal medium consisted of tryptone (Difco), 10 g; yeast extract (Difco), 5 g; NaCl, 5 g; 405 KH2PO4, 7.5 g; glucose, 3 g; and distilled water, 1 liter. For each determination, a control flask (basal medium) and one containing 1.0% potassium nitrate (test medium) were prepared. Two-hundred-andfifty-milliliter amounts of the respective media were dispensed into 500-ml Erlenmeyer flasks, and after sterilization and inoculation the flasks were flushed with helium to create anaerobic conditions. After incubation (24 hr, 37 C), the flasks were connected to a series of collection bottles containing 0.1 N Ba(OH)2 solution and flushed with helium. The resulting precipitates in the traps were combined and washed twice with CO2-free distilled water, dried (24 hr, 100 C), and weighed.
The physiological tests employed in the characterization of the strains were described previously (4) . Preliminary experiments indicated that gas was produced in the sausage mixtures. The gas was identified as CO2 in Ba(OH)2 traps. Moreover, this was the predominant gas produced in broth media containing nitrate. Greatly reduced levels of CO2 were produced when nitrate was omitted from the media used for broth cultures and from the sausage mixture.
RESULTS
Other defect-producing staphylococci. In further experiments, a collection of 25 Staphylococcus strains was screened for gas production and color defect formation in the laboratory sausage mixture formulated with 1.0% KNO.. The strains were also tested for gas production in a broth medium with and without added nitrate. The collection included 17 S. epidermidis, three S. aureus, and four Staphylococcus sp. strains (all reduced nitrate but not nitrite), and one strain of S. hyicus that reduced both nitrate and nitrite (6). Twenty-two strains failed to produce gas in the broth medium and discoloration in the sausage mixture. One strain, S. hyicus, elicited reactions similar to that of strain N9A (Table   TABLE 1 Later, nitrite was identified as being closer to the active component involved in the colordeveloping reaction. However, some producers still rely on the microbial reduction of nitrate, although most producers now add nitrite for color development. Products made only with nitrate in the cure are subject to undercure (lack of microbial reduction of nitrate) or "overcure" which we refer to as nitrite bum. Usually, nitrite burn (in fermented sausages made with a nitrate cure) is seen in the peripheral areas of the sausage where the nitrate-re- ducing micrococci are capable of growth. Anaerobic nitrite burn is relatively rare, and in the few previous outbreaks of this defect the offending organism was never isolated. This was supposedly due to either its acid sensitivity (killed by acid produced subsequently by the lactic acid bacteria) or self-sterilization due to excessive nitrite and nitrous acid formation. In this study large numbers of the organism were present and isolation was not a problem.
Prevention of the defect is easily and readily attained. Replacement of the nitrate in the curing mixture with 100 ,ug of KNO2 per g results in good color development without defect formation, even in the presence of the offending microorganism.
The reduction of nitrate under anaerobic conditions is a characteristic not commonly observed in the genus Staphylococcus (5). The CO2 produced by the organisms examined in this study, when grown anaerobically with nitrate, probably reflects an altered pathway wherein the regeneration of oxidized diphosphopyridine nucleotide is coupled with nitrate reduction. This would then afford a pyruvate dismutation reaction and the generation of CO2. Preliminary observations substantiate this supposition.
There does not appear to be any significant relationship between anaerobic nitrate reduction and any other physiological character we examined. Thus, it appears that this may be just an atypical Staphylococcus epidermidis with the peculiar ability to reduce nitrate under anaerobic conditions. Characteristically, gas was observed in the sausage prepared in the laboratory. We believe that the apparent absence of gas formation in the sausage manufactured commercially could reflect a significantly slower growth response and a protracted fermentative period resulting in the potential for CO2 loss by diffusion.
